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(Gioval-
monietal et al, 1990; Saleena et al, 2002; Zhang et al,
2007),

16S rDNA

1.1

(Bacillus subtilis) ,

4d ,
0.1 g/L 1.5
10° cell/mL, 22—25°C ,
2
, 10 m’,
1.0 kg/m’ ; (1.6
0.8) g/ 4 1,
1/2—2/3; 100><10°°
, 2 o,
C/N20 2 1,
30 500 mL
, DNA
1.2 DNA
DNA Zhou
(1996) SDS-based DNA ,
0.1g , 0.6mL ) )
55°C Smin s 2 ;
0.4mL DNA , 37°C
30min, 80uL 10% SDS, 4uL K, 55°C
2h; 172 4.5mol/L  NaCl, s
- 24 1 1),
15min , 12000r/min Smin, ; 0.6
, , 15min , 12000r/min
15min, DNA 1.0%

1.3 PCR 16S rDNA
16S rDNA 341F: 5’-CCT
ACG GGA GGC AGC AG-3’, 907R: 5°-CCG TCA ATT

CMT TTR AGT TT-3° PCR (50pL): 10>
PCR Buffer (Mg>" Plus) 5uL, dNTP (10mmol/L) 4uL,
341F (10nmol/L) 1uL, 907R (10nmol/L) 1uL, DNATaq
(5U/uL) 0.5uL, DNA (100 ng/uL) 2pL,
50uL  PCR : 94°CS5min; 94°C45s,
55°C45s, 72°C45s, 30cycles; 72°C10min, 4°C
PCR 1%
1.4 16S rDNA
(TaKaRa) s
pMDI18-T (TaKaRa), : PCR
4.5uL, pMD18-T simple vector 0.5juL, Solution B 5puL,
20uL , 16°C 5h
100uL DHSox , 42°C ,
, 37°C
12h , pMDI18-T
M13-47 PCR ,

RV- M

1.5
DNAMAN Gene Tool
; RDP Classifier
Blastn 16S rDNA
; Mothur OTU )
(Coverage)
(Chao), Shannon (H) Pielou
J (Schloss et al, 2009) RDP
S Mega5.0 R
(Neighbor Joining Analysis)

NCBI

2.1 16S rDNA PCR

» ODg0o/
ODyg¢ 1.6—1.9,
RNA S s PCR
16S rDNA 341F 907R
550bp . PCR
1
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DYc PLt PLc 42 55 62 79 OTU(C 1)
RDP (Actinobacteria) SO00000827
(Bacteroidetes) S000001704
(Flavobacteria) S000115513 (Sphingobacteria)
S000008354 - (Alphaproteobacteria) S000001467
o- (Deltaproteobacteria) S000001126 =£-
(Epsilonproteobacteria) S000004853 /-

1 16S rDNA PCR .
Fig.1 Electrophoretogram of 16S rDNA PCR products of (Gammaproteobacteria) 8000021184
metagenomes (Spirochaetes) S000001187 (Bacilli)
M- DL2000; 174 DYL, DYe, PLL, PLe S0000 00169 (Clostridia) 000000413 uncultured
2.2 16S rDNA bacterium S000016962 12, OTU
2 OTU
16S rDNA , DYt DYc PLt , (Bacteroidetes)
PLc 120 , )
16S rDNA (Proteobacteria) ;
, DYt DYc PLc PLt 93 91 115 OTU
121 , Mothur Coverage  34.7%—54.8% s (Chao)
R =97% 66.2—314.1, Shannon 3.01—4.07 ,
(operational taxonomic unit, OTU), DYt Pielou 0.68—0.85( 1)
F 1 16SrDNA XEFFIHERZHESH
Tab.l1 Number of 16S rDNA library sequence and diversity parameters
o1y (%) (min/max) chee Shannon (H) Piclou )
DYt 93 42 54.8 66.2 (42.8/140.1) 3.01(2.78/3.24) 0.68
DYc 91 55 39.6 91.5(63.6/161.4) 3.43 (3.18/3.68) 0.76
PLt 115 62 46.1 162.3 (105.1/295.5) 3.71 (3.5/3.9) 0.77
PLc 121 79 34.7 314.1 (190.3/580.8) 4.07 (3.9/4.3) 0.85
2.3 40%:;
NCBI RDP , (Verrucomicrobia) (Spirochaetes)
, 420 ,
(Bacteroidetes) (Proteobacteria)
(Firmicutes) (Acidobacteria)
(Actinobacteria) (Verrucomicrobia) ( 3, 3)
(Cyanobacteria) (Spirochaetes) (Flavobacteria) (Bacteroidetes)
) , 30% ,
, DYt(47.13%)  PLt(35.07%)
, DYc(36.68%) PLc(31.30%),
; DYc DYt ,
2, DYc (Flavobacteria)
DYt PLc PLt PLc PLt -
(Bacteroidetes) (Proteobacteria) (Alphaproteobacteria) ,
(Firmicutes) , DYt(23.45%)  PLt(20.42%)

(Bacteroidetes)

DYc(34.50%)  PLc(26.75%),
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Fig.2 Dendrograms of OTU sequences in four libraries
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F2 16SDNAXERFEMRIIRF=EE L

Tab.2 Main bacterial phyla and percentages in 16S rDNA libraries

phylum DYt DYc PLt PLc
Verrucomicrobia 0 0 0.8 0.8 0.5
Spirochaetes 0 0 1.5 0.8 0.7
Cyanobacteria/Chloroplast 1.1 2.4 0 0 0.5
Actinobacteria 0 1.2 0 0 0.2
Bacteroidetes 54.8 44.0 45.9 44 .4 47.9
Proteobacteria 26.8 36.9 28.6 33.9 30.0
Firmicutes 12.9 11.9 14.3 5.6 11.3
unclassified_Bacteria 4.4 3.6 9.0 13.7 8.7
60 ~ B unclassified
F < % Clostridia
. 50 L = Bacill
2 B acilli
g 40 \\‘:-: [ ™ unclassified
ﬁ ;{ > P ~ Gammaproteobacteria
o
J'UQ 30 % - P = Epsilonproteobacteria
(Il
% & /ﬁ T Deltaproteobacteria
E; 20 % L 3 Alphaproteobacteria
H 10 y/ﬁ * unclassified
//ZE « Flavobacteria
B -
0

PLc

. Sphingobacteria

= Bacteroidia

3
Fig.3 Percentage of main bacterial classes in the libraries
B: ; F:
R3I ZAXFEARINARENESLL
Tab.3 Percentage of main bacterial classes within three major phyla

phylum class DYt DYc PLt PLc
Bacteroidia 0 0 0 1.6
Bacteroidetes Sphingobacteria 12.0 13.5 3.6 6.6
Flavobacteria 86.0 81.1 76.4 70.5
unclassified 2.0 5.4 16.4 21.3
Alphaproteobacteria 87.5 93.5 71.5 78.9
Proteobacteria Deltaproteobacteria 0 0 14.6 13.2

Epsilonproteobacteria 12.5 0 4.5 0

Gammaproteobacteria 0 3.2 9.4 53
unclassified 0 3.2 0 2.6
Bacilli 83.3 70.0 71.4 52.6
Firmicutes Clostridia 16.7 30.0 14.3 42.1
unclassified 0 0 14.3 53
; PLt 12.5% 4.5%

, DYc - (Bacilli)
93.5% =€- (Epsilonproteobacteria) (Clostridia) , ,

DYt

(Bacilli)
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> o-
2.94% 11.21%, (Horner- Devine et al, 2003)
3 (Bacillus)
3.1 )
16S rDNA , ,
42 55 62 79 OTU, Mothur , ,
Coverage 34.7%—54.8% , ,
( , 2005; , 2009)
Shannon
3.01—4.07 , PLc 3.3
4.07 ; Chao
Pielou 4
, PLt PLc DYt 16S rDNA ,
DYc s
(Gomez et al, 2006; ,2010) DGGE (Marsupeneus japonicus)

(Paerl et al, , Bacillus
2003; Hong et al, 2011), sp. (Zhao et al, 2012)
, (Flavobacteria) o -

) (Alphaproteobacteria)
3.2 e- (Epsilonproteobacteria),
(Flavobacteria) oA - ,
(Alphaproteobacteria) (Bacillus) (Crab et al, 2009)
, DYt PLt
5 s 11% , PLt PLc
( , 2013) o- 4
(Alphaproteobacteria) , o- ,
(2012) RF-DGGE Zhao (2012)

bioflocs , 16S rDNA

- -
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STRUCTURE OF BACTERIAL COMMUNITY IN BIOFLOC FROM APOSTICHOPUS
JAPONICUS BREEDING PONDS REVEALED BY 16S rDNA CLONE LIBRARY

REN Li-Hua', LIBin', SUN Guo-Hua', ZHANG Xiu-Zhen', YANG Jian-Min',
JANG Fang', LIU Li-Juan', LIU Zhao-Cun?

(1. Shandong Marine Fisheries Research Institute, Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Yantai
264006, China; 2. Shandong Huachun Fisheries Ltd., Dongying 257236, China)

Abstract We constructed 16S rDNA clone libraries (DYt, DYc, PLt, and PLc) of biofloc and the control in
Apostichopus japonicus breeding ponds in Dongying and Penglai, and analyzed the bacterial diversity and bacterial
community structures. The results show that the coverage of the four libraries ranged from 34.7% to 54.8%, the richness
index (Chao) was 66.2—314.1, Shannon diversity index was 3.01—4.07, and Pielou evenness index was 0.68—0.85.
Results show that the bacterial diversity was greater in the in the A. japonicus breeding pond in Penglai than that in
Dongying. The bacteria in biofloc library were categorized into eight phyla, including Bacteroidetes, Proteobacteria,
Firmicutes, and other unknown taxes. Flavobacterium, Alphaproteobacteria and Bacilli were the main bacterial
communities. The diversity of DYt and PLt decreased and characteristic bacterial group were presented in the two libraries.
The biofloc technology had changed the microbial community structure in aquaculture environment. Study on bacterial
community structure of biofloc can help understanding the mechanism.

Key words 16S rDNA clone library; bacterial community; biofloc; Apostichopus japonicus breeding pond
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